A Biophysical Model Capturing Two Types of Burst Firing in GnRH Neurons  by Moran, Spencer
156a Sunday, February 8, 2015776-Pos Board B556
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The islets of Langerhans control glucose homeostasis through secreting insulin.
Glucose stimulates insulin secretion via metabolic and electrical events that in-
crease free-calciumactivity [Ca2þ] to trigger insulin-granule exocytosis. cAMP-
regulated pathways also enhancing insulin release. We previously examined
how gap junctions coordinate the electrical, [Ca2þ] and insulin secretory
response. Recent observations have shown that the cAMP is also coordinated,
but the mechanisms by which this occurs are poorly understood. To examine
this, we measured [Ca2þ] and cAMP dynamics in clusters of MIN6 b-cell line
and compared results with a multicellular mathematical model of glucose-
regulated [Ca2þ] and its interaction with cAMP. We find that [Ca2þ] and
cAMPoscillations are both synchronized acrossMIN6 clusters. Cell pairs highly
synchronized in [Ca2þ] were also highly synchronized in cAMP. Cells where
cAMP and [Ca2þ] oscillations were robust and tightly linked correlated with
highly synchronized [Ca2þ] and cAMP oscillations. Similar results were
observed in the mathematical model that solely contained electrical coupling,
supporting that synchronization [Ca2þ] is sufficient to promote synchronized
cAMP. Optogenetic control of cAMP similarly did not generate coupled
cAMP dynamics, unlike optogenetic control of [Ca2þ]. Upon Exendin4 stimu-
lated cAMP synthesis, [Ca2þ] synchronization increased, which correlated
with an increased link between [Ca2þ] and cAMP oscillations. This improved
link was sufficient to improve [Ca2þ] synchronization in the model. An increase
in gap junction conductance was not required, and we did not measure a signif-
icant increase under the Exendin4 levels used. Therefore cAMP is likely coordi-
nated across the islet indirectly through its interaction with directly coordinated
[Ca2þ]. In turn cAMP can enhance the coordination of [Ca2þ] via changing the
[Ca2þ] oscillation shape.This yields greater understanding how the signaling un-
derlying insulin release is simultaneously mobilized across the islet and further
supports the importance for electrical coupling in islet function.
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As neurosecretory cells, Gonadotropin-releasing hormone (GnRH) neurons
present research challenges that span a wide variety of scientific fields, namely
endocrinology, neuroscience, and biophysics. One open problem within the
research community is to elucidate the connection between action potential
firing (bursting) in GnRH neuron networks and pulsatile secretion of GnRH,
two events that occur on drastically different time scales. From a physicist’s
perspective, the first step in tackling this problem is to develop a mathematical
model for individual GnRH neurons. With a sufficiently detailed biophysical
model at hand, network effects and secretory mechanisms can then be explored.
Using the Hodgkin-Huxley formalism, a model for GnRH neurons has been
developed that captures two intrinsic modes of burst firing. The two burst types
are referred to as ‘‘parabolic’’ and ‘‘stochastic’’ and have been observed exper-
imentally in brain slice recordings from mice. Stochastic and parabolic bursting
models have been previously developed as separate models. It will be demon-
strated that a single GnRH neuron model can reproduce both types of bursting
by varying key conductance parameters. Our results suggest that stochastic
bursting relies on the presence of channel noise to push the cell in and out of
an active bursting phase.
Qualitatively the two modes of burst firing are distinct, however it will be
shown that they share an underlying mathematical structure in the context of
dynamical systems. More precisely, it will be demonstrated that parabolic
and stochastic bursters have similar bifurcation structures when dissected
with slow/fast subsystem analysis.
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It is suggested that the synchronization of oscillatory neuronal activity from
different regions of the brain play a key role in integration of sensory signals
to generate higher order brain functions such as cognition. Neurons, even in vi-
tro, form connections with each other and develop electrically active networks
exhibiting diverse patterns of oscillations over a broad range of frequencies.These in-vitro neuronal oscillations are either confined to a specific network
node (local) or network-wide synchronized (global). Due to this similar firing
nature, in-vitro networks are used as model systems to study slow electrical
oscillations of the brain. We recorded slow electrical oscillations from different
network nodes of in-vitro neuronal networks using multi-electrode array tech-
nology, and characterized the frequency-specific neuronal dynamics and
network synchronization. Then we show that perturbations created by chemical
interference using a drug or toxic substance change this synchronization dy-
namics. Even perturbations produced by evoked-activity using non-invasive
optogenetic stimulation change the oscillatory dynamics of these networks.
These results indicate existence of spectral fingerprints of network-wide corre-
lations of large-scale neuronal interactions, and demonstrate that perturbation
created by both positive or negative input change these dynamics. More studies
are underway to identify consistent links between frequency-specific large-
scale interactions and specific type of perturbations.
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Introduction: The axon initial segment (AIS) is a specialized cellular com-
partment where action potentials (APs) initiate. Calcium-activated small
conductance potassium (SK) channels reduce excitability by mediating the
afterhyperpolarizing (AHP) current and thus modulate the intervals between
spikes during a burst of action potentials. SK channels have a polarized distri-
bution in neurons with high density in dendrites and lower density in the soma.
However, it is not clear if and which SK channels are expressed on the axon and
their spatial distribution. Here, we employ single molecule atomic force micro-
scopy (AFM) combined with natural toxins to determine the localization of SK
channels on neuronal axons.
Methods and Results: We have previously demonstrated that integration of
single molecule AFM and toxin pharmacology allows for high resolution map-
ping of native SK2 channels on soma and dendrites of living neurons. AFM tip
functionalized with SK channel blocker-apamin, was used to detect the distri-
bution of SK channels by measuring the unbinding forces between apamin and
SK channels. The axon was identified by transfecting rat pyramidal neurons
with tau-gfp which localizes at the axon. Apamin-functionalized AFM tips
were used to probe 1mm^2 scan area on the axon of transfected pyramidal neu-
rons. We detected unbinding forces with a mean of m¼205 9pN and a surface
density of 5.9% (n¼8). To determine the specificity of the detected unbinding
forces, the experiments were repeated with neurons pretreated with apamin.
Along with a lower frequency of unbinding events, we found that in neurons
pretreated with apamin, there was a decrease in the unbinding forces. The re-
sults above indicate that apamin sensitive SK channels reside on the axon of
pyramidal neurons.
Conclusion: Employing single molecule AFM, we have revealed that SK chan-
nels reside on axonal surfaces of neurons.Molecular Dynamics I
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Synthetic peptides are a convenient avenue for biomedical applications such as
the design of drugs in which natural peptides and key motifs from proteins are
rigidified and metabolically stabilized.[1][2] As the relative flexibility of pep-
tides often encumbers the experimental study of their structure, they are an
attractive target forMolecular Dynamics computational studies. However, since
they exhibit similar subtle sequence-structure relationships as natural proteins,
their study requires an empirical force field with a similar level of refinement
as protein force fields such as CHARMM36.[3] While nonstandard side chains
can often directly be studied with existing protein force fields, and the study of
D-amino acids is straightforwardly enabled by constructing a mirror-image po-
tential, backbone modifications invalidate dihedral force field terms associated
with the (Phi,Psi) conformational energy surface. Within the framework of the
CHARMM36 force field, we present the parametrization of N- and alpha-
methylated amino acids, two staples in the peptide chemist’s arsenal for
increasing peptides’ metabolic stability and secondary structure rigidity.[4][5]
This effort includes the construction of dedicated CMAP cross terms, which
